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Clinical investigations of oral administration
of griseofulvin have yielded good results. Topical
griseofulvin therapy, however, has produced
variable results (1, 2, 3, 4). A promising report
of the successful topical application of griseofulvin
came early in 1960 when Goldman et at. (5)
reported that in certain of the ninety-one patients
treated with topical griseofulvin, clearing of the
skin lesions was achieved. The authors felt that
topical administration would be useful for tinea
pedis, since oral griseofulvin often gave erratic
results when it was used for this condition.
In developing a basic approach to the evalua-
tion of the potentialities for the incorporation of
griseofulvin into keratin, a number of factors
were of concern: (i) the possibility of sorption of
griseofulvin by keratin; (ii) the diffusion of water
and water vapor through human skin; (iii) the
amonnt of griseofulvin necessary to be incor-
porated in keratin to produce an inhibitory effect.
The work of Wurster and Dempski (6) in 1960
on the adsorption of various lipid-soluble alcohols,
esters, acids, and mixtures from n-heptane solu-
tions onto powdered, excised human callous
tissue was of interest in light of the affinity of
griseofulvin for non-polar solvents. They con-
cluded that unsaturated and 2-hydroxy fatty
acids were adsorbed by human keratin.
Buettner (7, 8) in 1959 reported on the diffusion
of water and water vapor through the human
skin in a normal environment. The degree of
diffusion was tested on human feet, hands, and
arms. The transfer of water was observed for
periods exceeding fifty hours. With increasing
salinity, less water diffused until in a two molar
solution, transfer no longer took place. For water
vapor penetration the critical value appeared to
be eighty-six per cent relative humidity cor-
responding to a five molar, or less, salt solution.
In 1959 and 1960 Gentles (9) reported the
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recovery of griseofulvin from hair after oral
administration. Variable amounts up to 37 meg.
of griseofulvin were recovered from one gram
samples of hair. Part of this amount was
recovered by cold water extraction. The griseo-
fulvin was identified in this study by microbio-
logical and spectrophotofluorometrie assays.
Scott (10) in 1960 further substantiated the
presence of griseofulvin in the keratin interstices.
In vivo administrations of Cl-36 labelled griseo-
fulvin orally given to rats, and topically applied
to the skin of human patients, demonstrated the
existence of griseofulvin in the keratogenous
zones. Radio-active griseofulvin seemed to have a
greater affinity for infected skin than for normal
skin, and the antibiotic was shown to remain
relatively intact in the keratin substrate.
Although the recoveries of intact griseofulvin
from biological fluids, tissues, and keratin sub-
strates to date have been only a very small frac-
tion of the average orally administered daily dose,
Blank and Roth (11) and several other investiga-
tors have demonstrated that concentrations in the
range of 0.1—2.0 mcg./ml. will produce an in vitro
fungistatie response with dermatophytes for as
long as one week.
In light of the recent reported successes with
topical griseofulvin, a need for a re-assessment of
the merits of an effective and economical topical
griseofulvin preparation appeared to be indicated.
The objectives of the present study were to
ascertain if the sorption of griseofulvin would take
place from an aqueous solution under appropriate
conditions, and if the effect of certain denaturing
agents and disulfide bond breaking agents would
be to increase the degree of sorption of griseo-
fulvin. The relatively high uptake and recovery
results obtained experimentally with various
keratin substrates appear to be consistent with
the known physical-chemical forces present in the
molecular structure of keratin. The alteration of
secondary and tertiary configurations of keratin
with known denaturing agents may increase the
degree of sorption of griseofulvin by keratin
substrates.
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MATERIALS AND METHODS
Griseofulvin Stock Solution
An accurately weighed quantity of finely
powdered griseofulvin, previously dried for 30
minutes at 1000 C., was dissolved in boiling dis-
tilled water and was accurately made to volume.
This procedure allows for the preparation of a
stock solution containing up to 25 meg./ml. of
griseofulvin. The aqueous stock solution was kept
refrigerated.
Standard Curves
Since griseofulvin showed a large single ab-
sorbancy peak at 289 rni. (±0.5 mit.) in n-butyl
acetate (B.D.H. Analar) and at 295 mit. (±0.5
ms.) in distilled water, a standard straight line
curve was prepared for each solvent by plotting
absorbancy vs. concentration (range 0—25 meg.!
ml. of griseofulvin).
Butyl Acetate Extractions
Because of the presence of interfering sub-
stances extracted from the keratin substrates
used in subsequent experiments it was necessary
to extract the griseofulvin into n-butyl acetate
prior to the spectrophotometric determination.
The procedure used was a modification of that
utilized by Robinson (12). A 10 ml. aliquot of the
aqueous griseofulvin solution to be assayed was
placed in a 250 ml. separatory funnel containing
50 ml. of n-butyl acetate. The contents were
thoroughly shaken for 5 minutes, and allowed to
stand with intermittent shakings for one hour.
The butyl acetate phase (top layer) was removed,
and the griseofulvin content was determined from
the standard curve. A suitable blank (distilled
water) was treated in an identical manner. The
efficiency of the n-butyl acetate extraction pro-
cedure was ascertained by extracting 10 ml.
samples of aqueous griscofulvin solution of known
concentration in the above described manner and
determining the per cent recovery.
Keratin Substrates
Powdered Keratin—from a commercial source(Nutritional Biochemical) was utilized in the
initial experiments. The chief disadvantage of
its use was that a yellow color, which interfered
with the quantitative determination of grisco-
fulvin in aqueous solution, was extracted into the
aqueous griscofulvin solutions. Several pre-
washings of the keratin did not remove this color.
This interfering color, however, was not extracted
by the butyl acetate procedure as previously
described.
Human Hair which had been carefully collected
from a single individual was cut into small pieces
(5—15 mm. in length) to reduce bulk and for its
ease of handling. Initially the hair was defatted
with petroleum ether and air-dried before utiliza-
tion. Subsequent results indicated that this was
unnecessary and even undesirable in most cases.
Calluses—Although calluses were considered
to be a somewhat abnormal keratin, their use by
several investigators (13, 14) as a readily accessible
model substrate in place of human skin led to
their use in this project. The calluses used were
either in the intact or powdered form.
Pre-Treatment ond Treatment
One gram samples of the keratin substrate
accurately weighed were placed in 50 ml. Erlen-
meyer flasks. Twenty ml. of the pre-treating
solution were added to each of a duplicate set of
flasks. The flasks were stoppered with cotton, and
placed on a Dubnoff Metabolic Shaking Incubator
(thermostat sensitivity C. over a tempera-
ture range of 25-60° C.), and shaken (120 R.P.M.)
at a pre-sclected temperature, and for a specified
period of time. After shaking, the keratin samples
were separated from the liquid phases by centrif-
ugation, washed with distilled water, and re-
turned quantitatively to their respective flasks.
Twenty ml. of a previously assayed aqueous
griseofulvin solution were added to one set of
duplicate flasks containing the pre-treated keratin
while 20 ml. of distilled water were added to a
second set of flasks, representing sample and con-
trol flasks respectively. Shaking was repeated at
a pre-selected temperature and for a fixed time
period. At the end of the treatment period the
aqueous phase of sample and control flasks was
removed by centrifugation, and was treated as
described below. The keratin substrate (from
sample and control flasks) on the removal of the
treatment solution, was retained under refrigera-
tion after the addition of 20 ml. of distilled water.
Assay
A 10 ml. aliquot from each sample and control
flask was added to individual separatory funnels
containing 50 ml. of n-butyl acetate. The extrac-
tion was carried out as described previously. The
uptake of griseofulvin was considered to he the
difference between the amount originally added at
the beginning of the treatment phase and the
amount remaining in the aqueous solution at the
end of the treatment phase.
Recovery of Griseofulvin from
Keratin Substrates
The keratin substrates (both sample and con-
trol flasks) recovered and refrigerated after the
treatment experiments were agitated on a Dubnoff
shaker at 120 R.P.M. for 1 hour at 60° C. After
centrifugation the aqueous phase was removed
and assayed for griseofulvin as described above.
Shaking with subsequent 20 ml. portions of dis-
tilled water was continued until no further griseo-
fulvin was found in the n-butyl acetate extracts.
Direct extraction of the treated keratin sub-
strates with n-butyl acetate rather than with
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distilled water resulted in a more rapid recovery
of the griseofulvin. This procedure helped to ver-
ify the uptake assumed in the assay experiments.
Partition Coefficient of Griseofulvin
Oleyl alcohol was used as the oil phase because
of its purity, and since it was representative of
the fatty alcohols found in the cytoplasmic
membranes (15). For the sample 25 ml. of an
aqueous griseofulvin solution of knowu concen-
tration were added to 25 ml. of oleyl alcohol in a
250 ml. scparatory funnel. Gentle and intermit-
tent shaking was carried out for 1 hour. A blank
in which the aqueous griseofulvin solution was
replaced with 25 ml. of distilled water was treated
similarly. The layers were separated by centrif-
ugation, and the griseofulvin concentration of
the aqueous phase was determined as described
under assay procedure. The griseofulvin content
of the oleyl alcohol was considered to be the dif-
ference between the amount originally present in
the aqueous solution and the amount remaining
in the aqueous solution at the time that equilib-
rium (oleyl alcohol/water) was reached.
RESULTS
When refrigerated, the griseofulvin stock
solution lost only two per cent of its potency after
seven days. The unrcfrigerated solution lost 17
per cent in the same time period.
The efficiency of the n-hutyl acetate extraction
procedure was determined from a series of extrac-
tions of aqueous griseofulvin solutions with this
solvent. The average per cent recovery obtained
was ninety-nine per cent.
The results obtained from the partition coeffici-
ent studies between oleyl alcohol and water
gave a value of 26.1. This demonstrated that the
uptake of griseofulvin by oleyl alcohol was
ninety-six per cent. rp his preference for lipids
should be advantageous since it is known that
most keratin substrates are surrounded by an
oily film.
The uptake of griseofulvin by hair following
pre-treatment with water, ammonium thiogly-
colate, and various concentrations of thioglycolic
acid is recorded in Table I. It was found neces-
sary to use freshly prepared solutions of the
prc-treating agents in order to obtain reproducible
results. The uptake values obtained when other
keratin substrates were pre-treated in a similar
manner with certain of the same prc-treating
agents were as follows.
Powdered Keratin (not defatted); water (313
mcg./1 gm., 95 per cent), S per cent ammonium
thioglycolate (315 mcg./ 1 gut, 95.5 per cent),
TABLE I
The effect of denaturants and disulfide bond breaking
agents on the uptake of griseofulvin by
human hair
Pre-treating Agent !et
Griseoful yin
Tfptake° by
Human Hair**
Per Cent
mcg. of Total
Gm. Avail-
able***
Distilled Water
Thioglycolic Acid 1
Thioglycolic Acid 2
Thioglycolic Acid 4
Thioglycolic Acid 6
Thioglycolic Acid 8
Thioglycolic Acid plus. .. 2
Sodium Bisulfite 2.5
Thioglycolic Acid plus. .. 2
Urea 10
Sodium Bisulfite 5
Urea 20
Ammonium Thioglycolate. 8
83
126
173
220
243
297
237
234
214
76
212
25
38
52
67
74
90
72
71
65
23
64
Pre-treatmeut Conditions—Temperature—
60°C., Time—GO mm., Shaking Rate—120 R.P.M.,
Volume—20 ml ./gm. keratin substrate. Solutions
unbuffered.
Treatment Conditions—Tcmperature—30°C.,
Time—GO mm., Shaking Ratc—120 R.P.M.,
Volume—20 mI/gm. keratiu substrate.
* These values represent the average of a series
(Stand. Dcv., per cent).
** Defatted, pieces 5—15 mm. in length.
*** Expressed as per cent uptake of total
available in twenty ml. of aqueous griseofulvin
solution (average cone. 16.5 mcg./ml.).
and S per cent thioglycolic acid (317 mcg./1 gm.,
96 per cent).
Calluses (not dcfattcd); water (142 mcg./0.350
gm., 65 per cent), S per cent ammonium thiogly-
colate (153 mcg./0.350 gm., 70.3 per cent), and
S per cent thioglycolic acid (175 mcg./0.350
gm., SO per cent).
Human Skin (from sunburn region, not de-
fatted); water (39 mcg./0.030 gm., 20 per cent),
and S per cent ammonium thioglycolate (95
mcg./0.030 gm., 49 per cent).
Subsequent to the experiments reported in
Table I, the possible significance of defatting
human hair prior to the pre-treatment and treat-
ment phases was investigated. Results of a series
of experiments with non-defatted and defatted
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TABLE TI
The effect of surfactants and other agents on the
uptake of griseofulvin by calluses
Pre-treating Agent &f
Griseofulvin
Uptake* By
Cal lUSeS**
Per Cent
mcg./ of Total
Gm. Avail-
able***
Distilled Water
Thioglycolie Acid
Aerosol O.T.a
Aerosol O.T.°
Aerosol O.T.°
Aerosol O.T.a
Aerosol O.T. plus
Thioglycolie Acid
Sodium Lauryl Sulfate...
Benzalkonium Chlorid&'..
Span 20°
Tween 20"
Barium Sulfide
—
8
0.5
1
3
5
2.5
4
5
5
5
5
15
122
231
158
188
234
251
264
188
185
148
119
201
37
70
48
57
71
76
80
57
56
45
36
61
Pre-treatment Conditions—as in Table I.
Treatment Conditions—as in Table I.
* These values represent the average of a series.
** Intact, not defatted, calluses, preliminary
experiments showed no essential difference be-
tween intact and powdered.
Expressed as per cent uptake of total avail-
able in twenty ml. of aqueous griseofulvin solution
(average cone. 16.5 mcg./ml.).
a Bis(2-ethylhexyl) Sodium Sulfosuccinate
(Anionic surf actant).
b Zephiran Chloride (Cationic surfactant).
° SorbitanMonolaurate (Non ionic surfactant)
"Polyoxyethylene Sorbitan Monolaurate (Non
ionic surfactant).
human hair prior to pre-treatment with S per cent
thioglycolic acid and treatment with griseofulvin
solution indicated that defatting decreased the
uptake of griseofulvin during the treatment
phase. The average uptake values obtained were
61 per cent with defatted hair and 82 per cent
in the case where prior defatting was not carried
out. It was felt that in light of these results, and
those reported by others (13, 14) on the effect
of defatting, that this procedure reduced the
uptake of griseofulvin possibly by removing
certain hydrophilic compounds responsible for
the water holding and water absorbancy capacity
of the keratin substrate. The removal of these
components, therefore, tends to render the
keratin substrate essentially water repellent.
From Table II it will be observed that pre-
treatment with an anionic surfactant enhanced
the uptake of griseofulvin to a more marked
degree than did pre-treatment with cationic or
non-ionic surfactants. The enhancing effect of
5 per cent Aerosol O.T. pre-treatment was com-
parable or greater than that obtained with 8
per cent thioglycolic acid. Pre-treatment with a
solution of Aerosol O.T. (2.5 per cent) and thio-
glycolie acid (4 per cent) gave even higher uptake
values during the subsequent treatment phase.
Although it would appear that thioglycolic acid
produced excellent cleavage of the covalent
disulfide cross-linkages, the concentrations re-
quired may be reduced by using it in combination
with urea, a sulfite, or an anionic surfactant. A
urea-thioglycolate combination would appear
useful since the urea solution would attack the
non-covalent linkages, especially hydrogen bonds,
thus making the covalent disulfide linkages more
vulnerable to thioglycolate reduction. It has
been demonstrated (16) that no primary skin
irritations are likely to result from concentrations
of thioglycolic acid or its alkali salts when used in
concentrations of less than S per cent in aqueous
solutions.
The results from Tables III, IV and V indicate
that variations in pretreatment conditions such
as time, temperature, and pH influenced the
uptake of griseofulvin. Adjusting the pH of the
pre-treatment solution to the acid side of the
isoelectric point of keratin (< pH 4) resulted in
enhanced uptake of griseofulvin. These findings
would appear to corroborate those of Valko (17)
and Compeau (18). These authors concluded
that at p11's below the isoelectric point of keratin
a straightforward metathetical chemical reaction
takes place (ehemisorption). It is obvious, how-
ever, that the use of conditions of temperature,
contact time, and pH which would be practical
or feasible from a therapeutic standpoint would
result in the uptake of amounts of griseofulvin
greatly in excess of the minimal inhibitory con-
centration necessary for a fungistatic action.
Pre-treatment conditions were altered, in light
of these data, in certain of the subsequent experi-
ments (Table VI and VII).
The effect of altering treatment conditions on
griseofulvin uptake is evident from Tables VI
and VII. The data in Table VI indicate that the
shortest treatment period (10 mm.) following the
more practical therapeutic pre-treatment condi-
tions resulted in an efficient uptake of griseo-
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TABLE III
The effect of pre-treatment temperature on the uptake
of griseofulvin by keratin substrates
Pre-treatment
Uptake°Per Cent
Agent Per Cent
20
30
40
50
60
Distilled Water
Distilled Water
Distilled Water
Distilled Water
Distilled Water
—
—
—
—
—
89
95
96
97
99
Human Hair**
20
30
40
50
60
Thioglycolie Acid 8
Thioglycolic Acid 8
Thioglycolic Acid 8
Thioglycolic Acid 8
Thioglycolic Acid 8
47
60
80
90
98
Pre-treatment Conditions—as in Table I,
except temperature—variable.
Treatment Conditions—as in Table I.
* Average of several determinations expressed
as per cent uptake of total available in 20 ml.
aqueous griseofulvin solution (average concentra-
tion 16.5 mcg./ml.).
** As described in Table I.
fulvin. The effect of volume of the griseofulvin
solution was a significant one (Table VII)
although this effect was likely due to the amount
of griseofulvin in contact with the keratin sub-
strate rather than a true volume effect. These
data also indicate the griseofulvin uptake po-
tential of the kcratin substrates.
Although it was necessary in this project to
separate pre-trcatmcnt and treatment phases
to ensure analytical accuracy, a combination of
these two phases would perhaps be possible and
even desirable from a therapeutic standpoint.
It seems reasonable to expect that thioglycolic
acid and anionic surfactants might exert, in
addition to their effect on the keratin substrate,
an antimicrobial effect.
The recovery data as recorded in Table VIII
are of interest from two standpoints. The re-
covery of approximately 80 per cent of the sus-
pected incorporated amount of griseofulvin in
the case of human hair and calluses lends con-
firmation to the uptake data presented. The
difficulty with which 80 per cent of the griseo-
TABLE IV
The effect of pre-treatment time on the uptake of
griseofulvin by keratin substrates
Pre-treatment
Uptake*
Per Cent
Tyein Agent Per Cent
Powdered Keratin
60 Distilled Water — 95
Human Hair**
10
30
60
90
120
Thioglycolic Acid
Thioglycolic Acid
Thioglycolic Acid
Thioglycolic Acid
Thioglycolic Acid
8
8
8
8
8
65
78
87
90
96
Pre-treatment Conditions—Temperature—
40°C., Time-variable, Shaking Ratc—l20 R.P.M.
Treatment Conditions—as in Table I.
* Expressed as in Table III.
** Weight—i gm. and as described in Table I.
fulvin was recovered, as evidenced by the number
of aqueous extractions required, suggested that
the griseofulvin was being bonded to the keratin
molecule rather than just loosely adhering to the
keratin surface where a few water washings would
readily remove it.
DIScUSSION
Although a precise mechanistic explanation of
the results obtained in this study cannot be given,
it would appear, however, that a working hy-
pothesis can be considered in light of the present
knowledge of the kcratin structure, and the
effects brought about as a direct result of
physical-chemical denaturation.
According to the Linderstrom-Lang classifica-
tion, the final shape of the protein molecule is
due to its primary structure, and secondary, and
tertiary configurations. All three interact very
intimately.
The linkages involved in the secondary and
tertiary configuration of the protein molecule are
mainly comprised of covalent disulfide linkages
and to a lesser extent by non-covalent linkages
consisting of hydrogen bonding, salt linkages,
hydrophobic bonding and van der Waals force
bonding (19). The role of these bonds in main-
taining specific protein configuration and in
determining micellar structure and size has been
adequately reviewed (19, 20, 21).
Temper-
atuee CC.)
Powdered Keratin
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TABLE V
The effect of altering the pH of the pre-treatment
solutzon of denaturants and disutfide bond
breaking agents on the uptake of griseofulvin by
intact valtuses
•pH Pre-
treatment
Solution
Per Cent
**p a e
Pre-treatment
—
Agent Per Cent
2.1 45 Distilled Water —
2.1 79 Thioglycolic Acid 8
2.4 43 Distilled Water —
2.4 76 Thioglycolic Acid 8
3.0 40 Distilled Water —
3.0 81 Aerosol 0.T. plus
Thioglycclic Acid
2.5
4
3.7 38 Distilled Water —
3.7 64 Thioglycolic Acid 8
3.7 81 Aerosol 0.T. 5
5.3 37 Distilled Water —
5.3 50 Thioglycolic Acid 8
5.3 76 Aerosol 0.T. 5
7.4 35 1)istilled Water —
7.4 76 Aerosol 0.1'. plus
Thioglycolic Acid
2.5
4
7.8 35 Distilled Water —
7.8 41 Thioglycolic Acid 8
7.8 70 Aerosol 0.T. 5
11.2 35 Distilled Water —
11.2 70 Aerosol 0.T. pIus
Thioglycolic Acid
2.5
4
12.0 35 Distilled Water —
12.0 40 Thioglycolic Acid 8
12.0 65 Aerosol 0.T. 5
Pre-treatment Conditions—Temperature—
40°C., Time—60 mm., Shaking Rate—120 R.P.M.
Treatment Conditions—Temperature—30°C.,
Time—60 mm., Shaking Rate—120 R.P.M.
* pH adjusted with either concentrated HC1 or
concentrated NaOH.
** Average of several determinations expressed
as per cent uptake of total available in 20 ml.
aqueous griseofulvin solution (average concentra-
tion 16.5 mcg./ml.).
Most proteins are denatured below pH 3 and
above pH 10. Denaturation by acid, heat, or by
organic compounds (urea, guanidine salts, and
related amines, and salicylates) results primarily
in a breaking of hydrogen bonds. It is interesting
to note that after extensive disulfide bond rupture
the hydrogen bonds of the keratin fiber are much
more easily attacked.
Blank (21) has stated that the pliability of
TABLE VI
The effect of treatment time on the uptake of
griseofulvin by keratin substrates
Treatment
Uptake°
Per Cent
Substrate 1 Gm. Time°°
Powdered Reratin
Powdered Keratin
Powdered Keratin
Powdered Keratin
Powdered Keratin
Powdered Keratin
Human Hair
Human Hair
Human Hair
Human Hair
Human Hair
10 88
20 90
30 91
40 91.5
50 92
60 97
10 54
20 57
30 60
45 68
60 73
Pre-treatment Conditions—Temperature—
40°C., Time—30 mm., Shaking Rate—120 R.P.M.
Pre-treatment Agent—Powdered Keratin, Dis-
tilled Water; Human Hair, Thioglycolic Acid 8%.
Treatment Conditions—Temperature—30°C •1
Time—variable, Shaking Rate—120 R.P.M.
* As given in Table V.
** in mm.
keratin is greatly increased in the presence of
water. When water enters the spaces between the
chains, it neutralizes some of the cohesive forces,
and acts as a lubricant. The water entering the
keratin substrate with griseofulvin, as in these
experiments, would also tend to act as a strong
hydrogen bonding agent that might compete with
the newly exposed oxygen containing side groups
before the original hydrogen bonds can be re-
formed. This could then provide a supply of
hydrogen containing side-chain groups that might
now form hydrogen bonds with griseofulvin.
The keratin molecule is particularly rich in
cysteine, and Fraenkel-Conrat (19) has stated
that the sulfhydryl groups of cysteine are the
most widely reactive groups in proteins. The
reduction of the disulfide bond to produce free
labile sulfhydryl groups is considered to be a
two step process, and is one of the mildest, most
specific, and most readily reversible reactions of
proteins. Thioglycolates have been claimed to be
the most effective agent for reducing disulfide
bonds.
The surfactants differ from other organic
denaturants in that they apparently combine
stoichiometrically with the oppositely charged
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groups of the protein (19). When compared on an
equimolar basis, the anionic detergents are the
most effective denaturants known. The interac-
tion of anionic detergents (22) with proteins
leading to the formation of complexes, and to
denaturation, has been well substantiated.
TABLE VII
The effect of volume of griseofulvin solution on the
uptake of griseofulvin by keratin substrates
Powdered Kera-
tin
Powdered Kera-
tin
Powdered Kera-
tin
Human Hair
Human Hair
Human Hair
Calluses (Intact)
Calluses (Intact)
Calluses (Intact)
Calluses (Intact)
Grisen-
fulvin
Solution
Volume
in ml.
Pre -treatment Conditions—Temperature—
40°C., Time—60 mm., Shaking Rate—120 R.P.M.
Pre-treatment Agents—Powdered Keratin, Dis-
tilled Water; Human Hair, Thioglycolic Acid 8%;
Calluses, Ammonium Thioglycolate 8%.
Treatment Conditions—Temperature—30°C.,
Time—60 mm., Shaking Rate—120 R.P.M.
* Average of several determinations expressed
as per cent uptake of total available.
It would appear that denaturation and the
reduction of disulfide bonds played a dual role
in increasing the uptake of griseofulvin by keratin
substrates as indicated by the results reported
in this study. The bonds responsible for the
tertiary configuration of keratin were apparently
attacked resulting in the creation of enlarged
micellar spaces for the incoming water and
griseofulvin, therefore enhancing their ease of
penetration. Once unmasked by denaturation
many reactive groups previously tied up in
covalent and non-covalent bonding were now
available for possible interaction with grisco-
fulvin. The role of water as present in the treat-
ment phase, in preventing reformation of the
original hydrogen bonds of the keratin molecule
has been discussed earlier. Our difficulty in
recovering incorporated griseofulvin by succes-
sive extractions at elevated temperatures would
appear to substantiate the hypothesis that
griseofulvin not only entered the moeleule, but
that simultaneous non-covalent bonding oc-
curred with the antibiotic. Griseofulvin, as
indicated in Figure 1, has a number of potential
bonding sites which would enter into hydrogen
bonding, hydrophobic, or van der Waals force
bonding with the sites in the keratin molecule
made available following denaturation. The
increased availability of possible binding sites
after substrate pre-treatment would explain
also the increased uptake of griseofulvin during
the subsequent treatment phases.
It is interesting to note that Scott (10) found
that griseofulvin concentrated preferentially in
infected keratin. It was suggested by the author
10
2 (30 mm.)
12
6
7
4 (30 mm.)
S
Substrate 1 Gm.
Uptake Initial Con-
centration ot
Stock GriseofulvinPer Mcg./ I SolutionCent* Gm.
87 320 18.3 mcg./ml.20
30
40
20
30
40
10
20
30
40
84
78
73
62
39
68
60
50
48
465
572
262
336
280
150
260
330
420
18.3 meg/mI.
18.3 mcg./ml.
18.0 mcg./ml.
18.0 mcg./ml.
18.0 mcg./ml.
22.0 mcg./ml.
22.0 mcg./ml.
22.0 mcg./ml.
22.0 mcg./ml.
TABLE VIII
Recovery of Griseofulvin from Treated Keratin Substrates
Keratin Substrate 1 Gm. Extracting Agent(nenaturant) No. ot Extractions
Uptake
Suspected
meg/gm.
Recnvery
meg/gm. Per Cent
Powdered Keratin
Human Hair
Human Hair
Human Hair
Calluses
Distilled Water
n-Butyl acetate
Total
Distilled Water
Distilled Water
n-Butyl acetate
Distilled Water
305
240
306
290
309
171
33
204
180
245
224
254
Conditions—Temperature60°C., Time—GO minutes per
shaking speed—120 R.P.M.
56
11
67
75
80
77
82
extraction unless otherwise specified,
FIG. 1. Potential Reactive Groups Present in the Griseofulvin Molecule and their Potentialities for Non-
Covalent Bonding.
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pH
FIG. 2. The effect of altering the pH of the pre-treating agents on the uptake of griseofulvin by human
calluses.
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that the associated partial degeneration of in-
fected keratin favors the entrance of griseofulvin
into the keratin interstices.
It would seem reasonable to assume that the
incorporation of griseofulvin into keratin after
oral therapy would be by similar mechanisms
which have already been mentioned. The newly
formed keratin might resemble the partially
denatured keratin obtained in this study by
pre-treatment. The incorporated griseofulvin
would likely remain bound to the keratin molecule
until the keratin is enzymatically attacked by the
dermatophytes. It is then presumably freed, and
thus may exert its full fungistatic effect. Thus
it may be that infected keratin is enzymatically
denatured keratin and that chemical denaturation
would not markedly further the denaturation
process and allow for increased uptake of griseo-
fulvin. This however remains to be established.
The amounts of griseofulvin incorporated into
keratin after the oral adminstration of this
antibiotic are small (9) with only small amounts
being recoverable from blood and urine twenty-
four hours after the administration of a one gram
dose. Topically applied griseofulvin would
seemingly be a more efficient and economical
means of achieving the necessary fungistatic
levels of the antibiotic in the keratin substrate
which is the site of fungal infection.
In light of the results presented here it would
appear that efficient uptake of griseofulvin can
be achieved in amounts greatly in excess of the
reported inhibitory concentrations. Due to the
high lipid solubility of griseofulvin the use of any
topical preparation containing it would appear
undesirable since such lipid material would dis-
turb the physical and chemical factors involved
in the sorption of griseofulvin by keratin sub-
strates. It would also seem reasonable to expect
that other chemotherapeutic agents could be as
efficiently incorporated into keratin as was
griseofulvin.
sUMMARY
1. The uptake of griseofulvin by different
keratin substrates was studied using a variety of
denaturants.
2. Griseofulvin demonstrated a strong affinity
for all keratin substrates tested after pre-treat-
ment denaturation.
3. In all cases, griseofulvin, in amounts greater
than the levels necessary for a fungistatic effect,
was successfully sorbed by the keratin molecule,
and most of this uptake could be recovered by a
series of aqueous extractions.
4. The difficuly encountered in recovering the
griseofulvin from the keratin substrates suggested
that the antibiotic may be bound to the keratin
molecule rather than just loosely adhering to the
surface.
5. Substrate defatting prior to keratin
denaturation was shown to be unnecessary and
in most cases hindered the subsequent sorption
of griseofulvin.
6. A possible hypothesis for an interaction
between griseofulvin and the denatured keratin
substrate molecule has been described in light
of the information presently known about the
secondary and tertiary protein configuration
after denaturation occurs.
ADDENDUM
Subsequent to the completion of this work
Blank and Gould (J. Invest. Derm., 37, 311, 1961)
reported that the treatment of skin with certain
lipid solvents allows for the penetration of ani-
onic surfactants through the stratum corneum."
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